We present radio continuum observations of the spiral-shaped ionized feature (Sgr A West) within the inner pc of the Galactic center at three epochs spanning 1986 to 1995. The VLA A-configuration was used at λ2cm (resolution of 0.
Introduction
The ionized gas known as Sagittarius A West (Sgr A West) appears as a three-Arm spiral-like structure (North, East, and West Arms) engulfing the inner pc of the Galaxy where Sgr A * , the compact radio source at or near the dynamical center of the Galaxy lies (Ekers et al. 1983) . These features are surrounded by neutral gas in the circumnuclear disk (CND) rotating with the velocity of about 100 kms −1 at the distance of 2 pc from the Galactic center (e.g. Güsten et al. 1988) . The kinematics of ionized gas surrounding Sgr A * show systematic velocities along various components of Sgr A West including Western Arc with a radial velocity structure which varies regularly between -100 and +100 kms −1 in the North-South direction (e.g. Serabyn et al. 1988; Herbst et al. 1993; Roberts & Goss 1993 ).
However, the velocity structure of the inner 10 ′′ where there is a hole in the distribution of ionized gas, known as the "mini-cavity", becomes increasing more negative ≈ −350 kms Recent observations of stellar proper motions shows evidence of a 2.5×10 6 M ⊙ object lying close to the position of Sgr A * (Eckart and Genzel 1997) . The stars orbit randomly around the Galactic center with increasing velocity dispersion around Sgr A * , reflecting the gravitational potential of central mass. The ionized gas, on the other hand, is part of a coherent flow with systematic motion that is decoupled from the stellar orbits.
Understanding the kinematics of the system of ionized gas is complicated by its incomplete view of the 3-dimensional geometry with respect to Sgr A * as well as by the interaction of orbiting gas with non-gravitational forces, such as the winds from the cluster of hot mass-losing stars near the Galactic center. To examine the gas kinematics and the true geometry of the ionized flow, in this Letter we present the results of proper motion measurements of ionized gas at λ2cm.
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Observations
Radio continuum observations were carried out with the Very Large Array of the National Radio Astronomy Observatory 1 in 1986. 167, 1990.375 and 1995.557 Biretta, Owen, & Cornwell (1989) This method which has been exhaustively tested (Biretta et al. 1995) V(RA)=-13±13, V(Dec)=-11±9 kms −1 (Backer 1996) , and is likely to be directly associated with the compact, massive object. The above technique was applied to two bright radio continuum sources surrounding IRS 13 and IRS 10 continuum sources The
1 The National Radio Astronomy Observatory is a facility of the National Science Foundation, operated under a cooperative agreement by Associated Universities, Inc.
-5 -uncertainties from our data for the east-west and north-south components of motion are 11
and 33 kms −1 , respectively. At the distance of 8 kpc, a shift of 1 mas yr −1 corresponds to about 39 kms −1 . The velocity uncertainty in the radial direction is much smaller than in transverse directions. Figure 1a shows the pseudo-color representation of the continuum image at the resolution of 0. ′′ 1×0. ′′ 2 with 22 boxes superposed. Boxes are shown where proper motion of ionized gas is detected above 3σ level, except Box 21, in at least one direction (α or δ).
Results
Boxes 21 and 22 which surround IRS 1 and IRS 8, respectively, show transverse velocities at < 3σ level, but nonetheless they are important because of the low upper limits to their velocities. Table 1 shows the transverse motions of ionized gas averaged over the size of each box (column 5) in α and δ (columns 6 and 7). The radial velocities averaged over each box based on radio recombination line measurements (RYG) is shown in column 8.
The radial velocities of the features whose continuum emission is too weak for H92α line detection or too compact are not reported. The angular distance of the center of each box with respect to Sgr A * is shown in radial, α, and δ directions in columns 2, 3 and 4, respectively. The total measured velocities and the upper limits to the corresponding escape velocities of ionized gas (determined using the projected distance (r) from Sgr A * with a mass of 2.5×10 6 M ⊙ ) are shown in the last two columns. exceeding 1000 kms −1 . The trend of westerly transverse motion of the ionized gas is also seen along the Northern and Eastern Arms (Box 3, 12, 15, 16, 17, 18, 19) .
Figure 1b also displays an anomalous high-velocity feature in Sgr A West. This source called the "Bullet", as seen in Box 9, lies about 4 ′′ northwest of Sgr A * and shows a total transverse velocity of 1100 kms −1 which is much greater than the upper limit to the escape velocity of 373 kms −1 at its projected distance from Sgr A * (see Table 1 ). The low-resolution H92α measurements of this region (Roberts & Goss 1993) 
Discussion
By combining the transverse and radial velocities, we are able to unambiguously determine the direction of ionized flow at the Galactic center. The predominant component of the motion in the plane of the sky is from east to west for most of the measured features with the exception of few places where the velocity of ionized gas is anomalously large.
It appears that the flow of ionized gas in the Northern Arm (Box 12) originates in the northeast with red-shifted velocities in the orbital plane. The ionized gas then follows an orbital trajectory to the southwest as it crosses the plane of the sky and passes by Sgr A * -8 -before the ionized gas moves to the northwest.
One idea that has been suggested to explain the origin of the mini-cavity and its unusual characteristics (e.g. Lutz et al. 1993; Melia et al. 1996) The comparison between the measured total velocities and the upper limits to the escape velocities at projected distance (r) from the center of each box to Sgr A * (Table 1) suggests that the ionized flow is on an unbound orbit around the Galactic center. This is consistent with the model of RYG that the ionized gas in the Northern Arm is on a hyperbolic orbit. Like the compact and relatively isolated features with high transverse velocities discussed above (e.g. the Bullet and the Blobs), the rest of the orbiting ionized features are extended and follow a global velocity field which may also be unbound to the Galactic center. If we use the projected distance as cos −1 (45 • ) of the actual distance, almost all the measured velocities are greater than the escape velocities listed in Table 1 .
The mass within the inner 10-20 ′′ is assumed to be dominated by a compact source centered -9 -on Sgr A * having a mass of 2.5×10 6 M ⊙ as measured recently from stellar proper motion measurements (Eckart & Genzel 1997) . The escape velocity estimates may not be applicable at large distances where the mass of the evolved stellar cluster becomes important. From the comparison of the three dimensional stellar and ionized gas motions, it appears that these two systems are not dynamically coupled in the inner 20 ′′ of the Galactic center.
The effect of a strong gravitational potential due to the large concentration of dark matter near Sgr A * is manifested as high velocity gradients of over 600 kms
However, the existence of ionized gas in an unbound orbit is inconsistent with the notion that the ionized gas in the Northern Arm is a tidally stretched infalling feature (e.g. Serabyn et al. 1988) . Additionally, the present proper motion data do not support the interpretation that the Northern Arm is a segment of a one-armed spiral pattern induced as a result of an instability in the rotating disk (e.g. Lacy et al. 1991) . A significant variation in the velocity distribution of ionized gas along Northern Arm is not consistent with a small variations expected from Keplerian motion, thus supporting that the Northern Arm is a material feature. We believe that the high velocity of ionized gas on an unbound orbit supports a scenario in which an energetic phenomenon outside the inner few parsecs of the Galactic center accelerated a cloud to pass by the Galactic center, which then collides with the CND and results in the loss of angular momentum of the material in the CND (Serabyn et al. 1988) . There is evidence of disturbed neutral gas and shocked molecular gas based on OH 1720 MHz maser emission at the interface of the extension of the Northern and Eastern Arms of Sgr A West and a "gap" in the CND Jackson et al. 1993) . In this picture, the Northern and Eastern Arms delineate the edges of the intruding cloud photoionized by the UV radiation field at the Galactic center (Jackson et al. 1993) . The neutral gas in the "gap" of the CND is interpreted to be the site of collision with a cloudlet pushed into the Galactic center, possibly by the energetic explosion of Sgr A East. Future modeling of the three-dimensional motion of ionized gas should constrain Table 1 ). Roberts & Goss (1993) , all others are from RYG.
